Summary The protein concentration of the thoracic duct lymph and the amount of protein transported by the thoracic duct decreased during an acute heat stress in rats. The changes in regional lymph flow into the thoracic duct were calculated and the ratio of the lymph from the skin increased 13% and that from the visceral organs decreased 6% during heat stress.
duct was determined every 15 min by collection of lymph in a graduated syringe. Blood samples were obtained in heparinized hematocrit capillary tubes (TERMO, Tokyo) . After the blood samples were centrifuged at 11,000 rpm for 5 min, hematocrit was measured and plasma was used for determination of the total protein concentration. Protein concentrations for blood and lymph were measured by a refractometer calibrated by the micro Kjeldahl method (YAMADA et al., 1983) . Colonic temperature was monitored and printed out every 10 min using a thermocouple inserted 5 cm into the colon.
Calculation of the regional lymph. Fractional ratio of lymph flow from the regional lymph into the thoracic duct was calculated using the method reported by YAMADA et al. (1983 YAMADA et al. ( , 1984 . Briefly, the lymph into the thoracic duct is assumed to be a mixture of two kinds of regional lymph, i.e., lymph from visceral organs which has a fractional lymph flow (Jw(1)), fractional protein flux (Jp(1)), and reflection coefficient (a1); and lymph from muscle and skin, which has Jw(2), Jp(2), a2, respectively. The fractions of the regional flow can be estimated from water flow, the protein content, and reflection coefficient as follows: a (reflection coefficient of the whole body) can be calculated from the equation by LANDIS and PAPPENHEIMER (1963) ; the reflection coefficients of visceral organs (a1= 0.42), and muscle and skin of the hindlimb (a2 = 0.92) can be calculated from the molecular size of albumin and globulin, A/G ratio of plasma, and pore size of capillaries as reported by GRANGER and TAYLOR (1980) . Based on these values, fractional ratios of lymph flow from organs, J(1)/J, and J(2)/JW were calculated as follows:
from Eqs. (1)- (5) 
Under the normothermic condition, the fraction was considered as 100%, and compared with that under the hyperthermic condition. Heat stress. Body temperature of conscious rats was raised by elevating the temperature (about 40°C) of a heated pad placed under the rat. The increase of 1°C of the colonic temperature was obtained for 2 h.
Statistics. The results were analyzed with paired t-test, and the null hypothesis was rejected when p <0.05.
Typical time courses of changes in measured variables during the heat stress are shown in Fig. 1 . Colonic temperature was increased gradually to reach a level at about 39°C after 2 h. On the heat exposure, the lymph flow to the thoracic duct decreased for the first hour. Then as colonic temperature rose, lymph flow increased. Hematocrit decreased as heat stress began, and as the heat exposure was continued, hematocrit showed a slight return. Plasma and lymph protein concentrations showed slight decreases during heat stress. When colonic temperature was raised by 1°C, hematocrit decreased by 6% (p <0.02) during the first 2 h of exposure.
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1. Time courses of 5 variables in a heat exposure experiment in a rat during heat stress; colonic temperature (•), plasma (p) and lymph (A) protein concentrations, hematocrit (0), and lymph flow. Hatched column is the condition of hyperthermia from which the data for Table 1 was collected.
are shown in Table 1 . Normothermia refers to the condition before heat stress and hyperthermia represents the condition of the colonic temperature at about 39°C after heat exposure for 2 h. The lymph flow during hyperthermia decreased by 12% (p >0.05) compared with that during normothermia. The lymph protein concentration during hyperthermia was significantly (p <0.01) decreased by 9%, and the amount of protein transported by the thoracic duct was significantly (p <0.05) decreased. Plasma protein concentration significantly (p <0.01) decreased in the hyperthermic rats. The protein clearance (lymph flow x lymph-plasma protein concentration ratio, used as a rough index of protein leakiness) was not significantly different.
The lymph to plasma concentration ratio of protein (CL/Cp) was significantly (p <0.05) decreased, and the reflection coefficient (a =1-CL/Cp) increased in hyperthermic rats. The fractional ratio of lymph from the skin (FS) and the visceral organs (F~) during hyperthermia were 113 and 94%, respectively.
During the acute heat exposure, the lymph protein concentration and the amount of protein transported by the thoracic duct decreased without a change of lymph flow. These findings suggest that the fractional ratio of lymph from the regional organs into the thoracic duct is modified by the heat exposure. Furthermore, the reflection coefficient of protein in the capillaries of the skin was greater than that of visceral organs. The protein clearance was not significantly decreased since the lymph flow was decreased by 12%. However, the fractional ratio of lymph from the skin increased 13% and those from the visceral organs decreased 6%. The redistribution of regional lymph as shown by these data is similar to the Japanese Journal of Physiology well documented shift in distribution of cardiac output, i.e., increased blood flow to the skin associated with decreased blood flow to the visceral organs (HALES, 1974; HALES and DAMPNEY, 1975) . Decrease of plasma protein concentration and hematocrit during heat stress means that hemodilution occurred within 2 h of the heat exposure. In this experiment, as the water lost during measurement was not replaced, hemodilution should be explained by the shift of body fluid from the intracellular compartment (MORIMOTO et al., 1981; NOSE et al., 1983) .
In summary, the regional lymph to the thoracic duct changed during hyperthermia: 13% increase of the lymph from the skin and 6% decrease of the lymph from the visceral organs.
